Introduction {#sec1}
============

Hydrolysis of the cap structure catalyzed by decapping scavenger enzymes (DcpSs) is a critical step in eukaryotic mRNA turnover. There are two major pathways of mRNA degradation in eukaryotic cells initiated by poly (A) tail deadenylation: the 5′ to 3′ pathway, where the cap structure is removed in a Dcp2-dependent manner, and then, the decapping product is degraded by 5′ exoribonuclease activity, and the 3′ to 5′ decay pathway.^[@ref1]^ DcpS catalyzes the hydrolysis of cap dinucleotides m^7^GpppN and short-capped oligonucleotides resulting from exosome-mediated 3′ to 5′ digestion of deadenylated transcripts.^[@ref2],[@ref3]^ Decapping scavengers have been identified in eukaryotes of varying complexities, including yeast, nematodes, and humans.^[@ref4]−[@ref6]^ These enzymes utilize an evolutionary conserved histidine triad (HIT) motif to bind substrates and cleave the 5′,5′-triphosphate bridge within the cap, releasing m^7^GMP and ppN or diphosphate-terminated oligo-mRNA containing less than 10 nucleotides.^[@ref7]^ Taking into account the estimated mRNA transcripts per cell (around 50,000 to 300,000),^[@ref8]^ and their average half-lives (from around 3 min to over 90 min),^[@ref9],[@ref10]^ hundreds of molecules of m^7^GpppN and m^7^GDP can be generated every minute in yeast and mammalian cells as a result of mRNA decay. m^7^GDP was reported to be either a substrate^[@ref11],[@ref12]^ or a high-affinity inhibitor of DcpS.^[@ref5],[@ref13]^ Further reports revealed that m^7^GDP is converted into m^7^GMP in a two-step process: via enzymatic transformation into m^7^GTP, which is then hydrolyzed to m^7^GMP by DcpS.^[@ref14]^ This path appears to be conserved in yeast and human cells. Beyond the DcpS function in mRNA decay, it is involved in nuclear pre-mRNA splicing and miRNAs turnover.^[@ref15],[@ref16]^ The importance of DcpS is further evidenced by the identification of humans with mutations that disturb DcpS enzymatic activity, which in turn is connected with intellectual disability.^[@ref17],[@ref18]^ It has also been recognized as a potential target in spinal muscular atrophy (SMA)^[@ref19]^ and very recently in acute myeloid leukemia (AML) treatment.^[@ref20]^

Most recombinant DcpSs used in a variety of biochemical and biophysical studies were prepared as N-terminal or C-terminal His-tagged proteins.^[@ref5]−[@ref7],[@ref13],[@ref21]−[@ref24]^ Native (untagged) decapping scavengers have been previously obtained for crystallographic analysis of catalytically inactive mutants of human DcpS (hDcpSH277N)^[@ref25]^ and yeast Dcs1p (Dcs1pH268N).^[@ref26]^ His-tag is widely used for the affinity purification of recombinant proteins.^[@ref27],[@ref28]^ It is usually left attached to the proteins, with the assumption that its addition does not alter the protein structure and properties. However, there are an increasing number of reports showing that affinity tags may affect the structure or activity of some proteins.^[@ref29]−[@ref33]^ To investigate the impact of the tag positioning on the specificity and catalytic properties of decapping scavengers of human and two nematode species (*Caenorhabditis elegans* and *Ascaris suum*), their native and two His-tagged versions were purified, analyzed in terms of protein thermal stability, and used in comparable studies and kinetic characterization. So far, no direct comparison of tagged and native DcpS properties has been made. Our work is the first attempt to show some differences between the three forms of this enzyme.

Results and Discussion {#sec2}
======================

Recombinant DcpSs (human hDcpS Q96C86, *C. elegans* CeDcpS G5EFS4, and *A. suum* AsDcpS D3K0N9) were obtained as His-tagged proteins, either with N-terminal-(His)~10~ or C-terminal-(His)~6~ extensions ([Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)). Native forms of DcpS of all three species were prepared via site-specific proteolytic cleavage of the N-terminal tag with Factor Xa ([Materials and Methods](#sec3){ref-type="other"}). The homogeneity of the purified proteins was analyzed by electrospray ionization mass spectrometry (ESI-MS), [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}, and their molecular weights (MW) were experimentally determined and compared to theoretical values (ProtParam tool, ExPasy Server). Single ESI-MS peaks were obtained for native and C-tagged versions of DcpS of all three species. However, the experimental MW values were consistent with the theoretical values only for native DcpS proteins and C-tagged CeDcpS ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}).

![ESI Mass Spectra of Native and His-tagged forms of (A) Human, (B) *C. elegans*, and (C) *A. suum* DcpSs. Two major peaks observed for the N-tagged enzymes (left panel) are due to the post-translational processing of the N-terminal methionine or glycine (see the main text). Other minor peaks seen here for N-tagged proteins presumably correspond to different modifications of the N-tag amino acid sequence (e.g., N-6-phosphoglyconylation)^[@ref38]^ as they are missing after its enzymatic cleavage (central panel).](ao0c00304_0001){#fig1}

###### Theoretical and Experimental MWs of Recombinant DcpS Proteins

                                                      theoretical MW (Da)   experimental MW (Da)
  ---------------------------------------- ---------- --------------------- ----------------------
  human DcpS                               N-tagged   41129.46              41164.50
  40987.00                                                                  
  (Δ 177.4)                                                                 
                                                                            
  native[a](#t1fn1){ref-type="table-fn"}   38745.94   38741.50              
                                                                            
  C-tagged                                 39673.92   39532.00              
  (−141.9)                                                                  
                                                                             
  *C. elegans* DcpS                        N-tagged   38997.17              39042.50
  38865.50                                                                  
  (Δ 177.0)                                                                 
                                                                            
  native[a](#t1fn1){ref-type="table-fn"}   36613.65   36609.50              
                                                                            
  C-tagged                                 38210.42   38204.00              
                                                                             
  *A. suum* DcpS                           N-tagged   37494.56              37363.00
  37541.00                                                                  
  (Δ 178.0)                                                                 
                                                                            
  native[a](#t1fn1){ref-type="table-fn"}   35111.04   35109.50              
                                                                            
  C-tagged                                 36252.25   36113.50              
  (−138.75)                                                                 

MW of the native forms of DcpS containing one additional histidine as a result of His-tag cleavage at their N-terminus.

In brackets, the difference between two ESI-MS peaks for N-tagged proteins (Δ177 Da) or between theoretical and experimental MWs for C-tagged hDcpS and AsDcpS is indicated.

With respect to C-tagged hDcpS and AsDcpS, their experimental MWs differ from the theoretical value by about 140 Da, which suggests the lack of N-terminal methionine. Indeed, examination of the preferred substrate sequences for *E. coli* methionine aminopeptidase (MetAP1), which is involved in the removal of the initiator methionine,^[@ref34]^ revealed such a sequence in the N-terminus of hDcpS (**MetAD**AA). *E. coli*MetAP1 was shown to have a much higher specificity for the amino acid type at the first position adjacent to the removed methionine, with alanine as the most preferred. The AsDcpS N-terminal sequence (**MetVD**EV) is also a substrate for MetAP1; however, the presence of valine next to the removed methionine causes reduction in cleavage efficiency.^[@ref35]^ In the case of CeDcpS, the presence of lysine after initiator methionine (**MetKR**IA) is connected to its resistance to methionine amiopeptidase cleveage.^[@ref35]^ ([Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)).

For N-tagged DcpSs of all three species, two major peaks were observed in the ESI-MS spectra, which differ in MW by 177 Da ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). The molecular weights of neither of these peaks correspond to the theoretical MWs of the N-tagged proteins ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). In a report by Yan et al.,^[@ref36]^ the pET16b vector was used to produce a His-tagged protein, and exactly the same MW differences were observed in the two detected peaks in the MS spectra (between the two peaks as well as between the predicted and theoretical protein MWs) as we found here for the N-tagged hDcpS and nematode DcpS. The occurrence of these two peaks is consistent with the post-translational processing of the N-terminal methionine of the used type of His-tag extension: the lower molecular weight peaks correspond to a protein that lacks the N-terminal methionine, and the larger MW peaks correspond to the protein with a gluconylated N-terminal glycine of the His-tag sequence, exposed after methionine deletion.^[@ref36]−[@ref38]^

Differential scanning fluorimetry (DSF)^[@ref48]^ was used to analyze the potential influence of His-tag present on the thermal stability of all tested DcpS enzymes. As shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}, all three forms of *C. elegans* DcpS (untagged and His-tagged) exhibit the lowest calculated melting temperature (*T*~m~) values (between 37 and 47 °C) in comparison to the *T*~m~ values for AsDcpS and hDcpS forms (between 58 and 62 °C), [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. In addition, a clear difference in thermal stability between N-tagged, C-tagged, and untagged CeDcpS is seen ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}), where the *T*~m~ value for C-tagged CeDcpS is around 5 °C lower in comparison to the untagged version (*T*~m~ of untagged CeDcpS is equal to 47.9 °C), and N-tagged DcpS shows two distinct melting temperatures (36.9 and 51 °C). In the case of human hDcpS, there is no significant difference in the *T*~m~ values between His-tagged and untagged protein versions, and in the case of AsDcpS, the C-tagged form seems to be only slightly less stable than untagged AsDcpS ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). Analysis on the thermal stability of the tested DcpS enzymes in the presence of m^7^GDP revealed that it stabilizes DcpS forms to the same *T*~m~ value (67 °C for hDcpS, 56 °C for CeDcpS and 75 °C for AsDcpS) regardless of the presence or absence of His-tag in the sequence ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, [Figure S3](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)). The increased thermal stability of CeDcpS formed upon m^7^GDP addition to the same *T*~m~ value, despite differences in measured melting temperatures for His-tagged and untagged CeDcpS, indicates that ligand binding is unaffected by the presence of additional His-tag sequences.

![Analysis of Thermal Stability of Studied DcpS by Differential Scanning Fluorimetry (DSF). (A) Representative DSF melting curves of differentially tagged variants of hDcpS (solid lines), CeDcpS (dashed lines), and AsDcpS (dotted lines). RFU relative fluorescence units of SYPRO Orange. (B) Plotted curves of the first negative derivative of melting curves shown in (A). *T*~m~ values, summarized in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, were calculated by determining the minima of the first negative derivative of melting curves.](ao0c00304_0002){#fig2}

###### Melting Temperature Values (*T*~m~) of Studied DcpS Proteins in the *apo* Form and in the Presence of their Ligand m^7^GDP Determined by DSF[a](#t2fn1){ref-type="table-fn"}

                 *H. sapiens* DcpS   *C. elegans* DcpS   *A. suum* DcpS                                       
  -------------- ------------------- ------------------- -------------------------- ------------ ------------ ------------
  WT(untagged)   58.2 ± 0.2          67.0 ± 0.1          47.9 ± 0.7                 56.8 ± 0.3   61.8 ± 0.2   74.8
  *N* = 3        *N* = 2             *N* = 4             *N* = 4                    *N* = 2      *N* = 1      
  N-tagged       59.5 ± 0.5          68.0                36.9 ± 0.1 and51.0 ± 0.2   55.7 ± 0.6   62.3 ± 0.4   75.8 ± 0.3
  *N* = 2        *N* = 1             *N* = 7             *N* = 4                    *N* = 6      *N* = 2      
  C-tagged       59.5 ± 0.5          67.0                42.3 ± 0.3                 56.6 ± 0.3   59.3 ± 0.2   75.0
  *N* = 4        *N* = 1             *N* = 4             *N* = 3                    *N* = 4      *N* = 1      

Calculated *T*~m~ values, determined as the minima of the first negative derivative of the melting curve ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}), correspond to the arithmetic mean of the indicated number (*N*) of independent experiments (± SE of the mean).

Next, we compared the enzymatic activity of native DcpS enzymes and their His-tagged counterparts toward natural cap dinucleotides (m^7^GpppG and m~3~^2,2,7^GpppG, [Figure S5](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)). The enzymatic assays were conducted using a previously described fluorometric method.^[@ref39]^ The obtained reaction progress curves are shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}, and the calculated reaction rate constant^[@ref40]^ values are provided in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}. As indicated, m^7^GpppG is hydrolyzed at a comparable rate by native and N-tagged hDcpS and at a slightly higher rate (1.5×) by its C-tagged form ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). Comparable reaction rates were also obtained for native and His-tagged AsDcpS forms and both its substrates. However, His-tagged CeDcpS forms exhibit around 3 to 4 times higher activity toward m^7^GpppG than the native enzyme. Similar tendency was observed for the hydrolysis of the second CeDcpS substrate, m~3~^2,2,7^GpppG. Interestingly, in contrast to AsDcpS, both human and *C. elegans* native enzymes showed almost identical reaction rate values in the case of m^7^GpppG hydrolysis. Moreover, the rate constants for the His-tagged forms of nematode DcpS were approximately three to five times higher in relation to those of human enzymes. Upon comparison of the kinetic data for the two nematode DcpS substrates (m^7^GpppG and m~3~^2,2,7^GpppG), the trimethylated cap analog was the more preferred substrate of all three versions of the CeDcpS enzyme, which was consistent with our previous results obtained for N-tagged CeDcpS,^[@ref39]^ and such a preference, although less pronounced, was seen for all AsDcpS forms ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}).

![Kinetics of Cap Hydrolysis Catalyzed by Human and Nematode DcpS. (A) Reaction progress curves obtained for the 10 μM m^7^GpppG substrate in the presence of 30 nM indicated the DcpS enzyme. (B) Reaction progress curves obtained for the 10 μM m~3~^2,2,7^GpppG substrate in the presence of 5 nM nematode DcpS enzymes. The detailed reaction conditions are found in the [Materials and Methods](#sec3){ref-type="other"} section. Representative reaction progress curves of three independent experiments are shown.](ao0c00304_0003){#fig3}

###### Comparison of Reaction Rate Constants of DcpS-Mediated Cap Hydrolysis[a](#t3fn1){ref-type="table-fn"}

                      N-tagged             native[b](#t3fn2){ref-type="table-fn"}   C-tagged
  ------------------- -------------------- ---------------------------------------- --------------------
  Human DcpS                                                                        
  m^7^GpppG           0.39 s^--1^ ± 0.05   0.37 s^--1^ ± 0.04                       0.56 s^--1^ ± 0.03
                                           (1.5×)[c](#t3fn3){ref-type="table-fn"}   
  *C. elegans* DcpS                                                                 
  m^7^GpppG           1.13 s^--1^ ± 0.07   0.38 s^--1^ ± 0.04                       1.49 s^--1^ ± 0.06
  (2.9×)                                   (3.9×)                                   
  m~3~^2,2,7^GpppG    4.02 s^--1^ ± 0.18   2.34 s^--1^ ± 0.32                       6.98 s^--1^ ± 0.56
  (1.7×)                                   (3.0×)                                   
  *A. suum* DcpS                                                                    
  m^7^GpppG           1.55 s^--1^ ± 0.01   1.85 s^--1^ ± 0.06                       1.39 s^--1^ ± 0.06
  (0.80×)                                  (0.75×)                                  
  m~3~^2,2,7^GpppG    1.84 s^--1^ ± 0.06   2.38 s^--1^ ± 0.06                       2.12 s^--1^ ± 0.01
  (0.77×)                                  (0.89×)                                  

Determined reaction rate constants correspond to the arithmetic mean of three independent experiments (± SE).

Native forms of DcpS were obtained via N-terminal tag cleavage.

In brackets, the relative ratio of reaction rate values of tagged to untagged DcpS is shown.

We examined also whether the native untagged form of DcpS exhibits hydrolytic activity toward m^7^GDP. The experiments with m^7^GDP were performed under the same conditions as for m^7^GpppG but with a 10-times higher enzyme concentration. The HPLC measurements of the postreaction mixture showed that m^7^GDP does not undergo hydrolysis with untagged enzymes ([Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)). The same procedure applied to test the N- and C-tagged forms of DcpS clearly demonstrated that m^7^GDP was resistant to hydrolysis catalyzed by native and both tagged forms of human and nematode DcpSs.

The pivotal point of our study was comparison of the hydrolytic activity of native DcpS enzymes (human, *C. elegans,* and *A. suum*) with that of their His-tagged forms. Our work is the first on direct characterization of the kinetic properties of the three versions of DcpSs. In addition, we examined also the thermal stability of tagged and native DcpSs. In light of our results, it is clear that the His-tag introduced either at the N-terminus or C-terminus of hDcpS and AsDcpS does not affect substantially their hydrolytic activity and melting temperature values. Interestingly, it was reported that deletion of the first 33 N-terminal amino acids of hDcpS did not change its hydrolytic activity, and a similar effect was observed when 65 residues from the C-terminus of the yeast homolog of DcpS were deleted.^[@ref41]^ This may suggest that, at least to some extent, the terminal residues of hDcpS and AsDcpS do not influence their structure and activity, and additional amino acid tags would have also no detrimental effect on hydrolytic properties.

The His-tag had a more noticeable effect on CeDcpS. In this case, there was about a two- to four-fold increase in the activity of both His-tagged species in comparison to the native form. This result is rather surprising, as only the C-terminal domain of DcpS contains the HIT motif involved in substrate binding and efficient hydrolysis. However, a previous study also indicated that the N-terminal domain facilitates cap binding for hDcpS.^[@ref41]^ As *C. elegans* and human DcpSs share 65% similarity and 37% identity,^[@ref23]^ this observation may suggest that in the case of CeDcpS, an additional extension at the N- or C-terminal end affects the interaction with the cap structure. In addition, as the protein thermal melting *T*~m~ value is decreased by 5 °C for C-tagged CeDcpS in comparison to the untagged one and by around 10 °C for N-tagged DcpS (with the second *T*~m~ value being higher by around 3 °C), we cannot exclude the hypothesis that at least to some extent, the protein stability/flexibility affects the kinetic activity of *C. elegans* DcpS---in general, the higher flexibility can be related to the higher catalytic activity and the lower stability.^[@ref49]^ Such tendency can be seen here for CeDcpS versions toward both tested substrates. In the cases of hDcpS and AsDcpS, virtually the same thermal stability of their N- and C-tagged versions reflects the negligible or minimal effect on their enzymatic activity. As the structure of CeDcpS has not been solved experimentally yet, but has already been modeled based on the hDcpS crystallographic data,^[@ref23]^ it is difficult to propose an explanation for why the presence of the tag has a negligible effect on hDcpS activity and affects CeDcpS activity.

In spite of the apparent differences of the His-tag effect on DcpS enzyme kinetics shown here, it provides a highly effective means for isolating all three proteins. Both N- and C-tagged forms of DcpS can be used in subsequent biochemical analyses and initial inhibitor screens, as they maintain the specificity of the untagged native DcpS. However, it should be noted that the N- and C-tagged forms of purified DcpS could differ with respect to their homogeneity, as indicated by ESI-MS analysis. Such heterogeneity found here for N-terminally His-tagged proteins, which resulted from gluconylation, could affect other downstream experiments such as the protein crystallization process.^[@ref42]^ Also, in screening tests selecting ligands that effectively interact with a particular protein, the presence or absence of a tag may need to be considered, as it may alter the protein's activity and screening methods,^[@ref43]^ or influence the in vitro drug metabolism kinetic data analysis.^[@ref44]^

Materials and Methods {#sec3}
=====================

Cap Analogs {#sec3.1}
-----------

Cap analogs investigated in this work (m^7^GpppG, m~3~^2,2,7^GpppG, and m^7^GDP) were synthesized according to the methods described previously.^[@ref45],[@ref46]^ The concentrations of all compounds were determined on the basis of their absorption coefficients.^[@ref13]^

Recombinant Protein Production and Purification {#sec3.2}
-----------------------------------------------

Human hDcpS or *nematode* DcpS was expressed in the Rosetta2 (DE3) *E. coli* strain from their respective pET vectors (listed in [Table S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)) according to the procedure described previously.^[@ref47]^

Tag Cleavage {#sec3.3}
------------

The native form of DcpS that lacks the N-terminal histidine tag was obtained using the protease Factor Xa (Factor Xa Cleavage Capture Kit, Merck Millipore). The working concentration of Factor Xa was experimentally set to a final concentration of 4 ng/μL to minimize the exposure of secondary cleavage sites ([Figure S4](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf)). Cleavage reactions (250 μL final volume, His-tagged DcpS final concentration 0.2 μg/μL) were performed at 21 °C for 16 h. Subsequently, Factor Xa was removed from the reaction mixture by capturing using Xarrest Agarose and spin filters (according to the supplier's protocol), and the pooled samples of Xa-cleaved DcpS were incubated with Ni-NTA agarose resin (HIS-Select Nickel Affinity Gel, Sigma Aldrich) by mixing using an up-down mixer at 5 °C for 3 h in order to bind uncleaved proteins. Finally, the Ni-NTA agarose was removed using a spin Ultrafree-MC HV Centrifugal Filter (Merck Millipore), and the cleaved DcpS samples were subsequently concentrated using an Amicon Ultra-4 Centrifugal filter, 10,000 NMWL (Merck Millipore).

The concentration of purified DcpS was estimated spectrophotometrically using a theoretical excitation coefficient (ProtParam tool, ExPasy): ε~280~ = 30,495 M^--1^ cm^--1^ for human DcpS, ε~280~ = 44,350 M^--1^ cm^--1^ for *A. suum* DcpS, and ε~280~ = 38,975 M^--1^ cm^--1^ for *C. elegans* DcpS. The purity of the proteins was examined by SDS-PAGE electrophoresis, and the protein identity was confirmed by molecular mass determination (ESI-MS, Laboratory of Mass Spectrometry, IBB PAS, Warsaw).

Thermal Stability of DcpS Proteins {#sec3.4}
----------------------------------

Analysis of the thermal stability of His-tagged and untagged DcpS proteins was performed by differential scanning fluorimetry.^[@ref48]^ The assay sample (25 μL) contained 2× SYPRO Orange (Sigma Aldrich) and 3 μM particular DcpS form (final concentrations) in 50 mM HEPES and 150 mM NaCl (pH 7.2). m^7^GDP was added to the analyzed samples at a final concentration of 100 μM. A CFX96 Real-Time PCR (Bio-Rad) was used to increase the temperature starting from 25 °C and increased to 95 °C by 0.5 °C increments, and the fluorescence intensity (FRET channel) was measured at each step. The melting temperature (*T*~m~) was calculated using CFX Manager Software (Bio-Rad) as the minimum of the first negative derivative of the DSF melting curves.

Hydrolysis Kinetics {#sec3.5}
-------------------

Enzymatic hydrolysis of dinucleotide cap analogs was performed using DcpS at a final concentration of 30 nM (in experiments with m^7^GpppG) and at a final concentration of 5 nM (in experiments with m~3~^2,2,7^GpppG). The substrate concentration in the reaction mixture was 10 μM. The reactions were conducted at 20 °C in 50 mM Tris--HCl buffer containing 150 mM NaCl, pH 7.2. The fluorometric method, where the increase in fluorescence due to DcpS-mediated cap dinucleotide hydrolysis is recorded, was used to measure the progress of cap analog hydrolysis.^[@ref22]^ The reactions were monitored for 30--60 min by recording the time-dependent increase of the fluorescence intensity, which is caused by removal of intramolecular stacking as a result of enzymatic cleavage of the dinucleotide cap analogs. On the basis of fluorometric data, the fraction of the generated product was plotted against time, and the pseudo-first order enzymatic decapping rate constants were calculated.^[@ref40]^ Fluorescence experiments were performed using a LS-50B spectrofluorometer (Perkin-Elmer Co., Norwalk, CT, USA).

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c00304](https://pubs.acs.org/doi/10.1021/acsomega.0c00304?goto=supporting-info).Supplementary methods, list of vectors, and primers (Table S1), DcpS sequence alignment (Figure S1), HPLC profiles (Figure S2), DSF thermal stability analysis in the presence of m^7^GDP (Figure S3), N-tag cleavage optimization (Figure S4), and scheme of DcpS-mediated hydrolysis of cap dinucleotides (Figure S5) ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00304/suppl_file/ao0c00304_si_001.pdf))
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